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FIELD OF THE INVENTION 

The present invention relates to molecules capable of acting as scavengers of free 
5 radicals, metals and reactive oxygen species, to a method for their preparation and to 
pharmaceutical compositions containing them. 

BACKGROUND OF THE INVENTION 

An intense jinterest in the relationship between oxidative stress and diseases has 
10 characterized the last two decades since tlie observation that oxidative modification of 
low-density lipoprotein (LDL) leads to foam cell formation and atherosclerosis. 
Convincing evidence exists that^ by opposing the reactive oxygen species (ROS) 
mediated processes (i.e., lipid peroxidation and other direct hazardous effects) in the 
body, anti-reaqtive oxygen-species (Anti-ROS)-antioxidant compounds exert beneficial 
15 effects in atherosclerosis and other patliologies involving oxidative stress and free 
radical injury. 

The term "oxidative stress" is commonly used in reference to biological systems as 
a means to characterize the total burden of potentially liarmful reactive oxygen species 
that are present in tissues as a consequence of routine cellular oxidative metabolism of 

20 both endogenous and exogenous compounds. The term itself is a misnomer because 
many of the chemical reactions that contribute to oxidative stress are not oxidative in 
nature. For example, although it usually ftmctions as a reducing agent, the production 
of superoxide anion in biological systems is often described as a type of oxidative 
stress. To initiate lipid peroxidatioa, superoxide must first be converted to another 

25 radical species such as the hydroxyl radical via dismutation to hydrogen peroxide, 
followed by reduction of hydrogen peroxide to hydroxyl radical via the Fenton reaction 
[I]. Others may define oxidative stress as the production of free radical species in vivo, 
though, a number of species associated with oxidative stress either are not radicals or 
radical species that are not inherently deleterious. 

1 
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Endothelial cells, smooth muscle cells, and monocytes all produce superoxide 
anion and otlier ROS under physiological conditions. 

Tlie recent discovery of tlie central role played by the endothelium-derived 
relaKing factor (EDRF), in control of blood flow and fluidity through the generation of 
biochemical species that iuliibit platelet activation and deposition, prevent thrombus 
formation, and limit inappropriate vasoconstriction, initiated a series of studies defining 
the cardinal irapact of reactive oxygen species on the activity of EDRF. 

EDRF. identified as NO or a closely related redox form of NO (i.e., S-nitrosothiol), 
acts to dilate, vascular smooth muscle and inhibit platelet adhesion by activating 
guanylyl cyclase (GC) and increasing intracellular cyclic-3',5'-guanosine 
monophosphate (cGMP) [2,3], EDRF is constitutiveiy produced and also released 
from endothelial cells via receptor-mediated mechanisms after exposure to a number of 
clinically relevant agonists [4], In addition to EDRF, the vascular eudothelimn 
produces a number of vasoactive substrates [5] which act in concert with EDRP to 
mediate endotiielial control of vascular tone and platelet and monocyte activity. 

Tlie mechanisms by which superoxide and otlier ROS may contribute to 
abnormalities in EDRF action are diverse. Superoxide may react destructively witli NO 
and limit the biological activity of EDRF [6]. Superoxide production may lead to 
formation of hydroxyl radicals which may be cytotoxic to endothelial cells [7] through 
direct peroxidation of lipids and proteins. Hydrogen peroxide is formed during the 
dismutation of superoxide and may, in addition to peroxynitrite, also oxidize available 
free and proteinous thiol groups that may be important for EDRF action. Hydrogen 
peroxide is a principal mediator of neutrophile-induced injury to endothelial cells and 
its effects on otiier physiological fimctions are complex, although oxidation of 
intracellular thiols is a likely mechanism for these effects because pretreatment with 
dithiothreitol prevents HzOj-mediated cell dysfunction. Hydroxyl radicals have been 
implicated in tissue darnage resulting from repelfiision injury and inflammation, and 
may be present in athereosclerotjc lesions {8]. Organic peroxyl radicals have been 
implicated in a wide variety of biochemical processes, and these species combine 
readily with NO leading to the formation of peroxynitrite. 
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In addition to inactivation of EDRF, oxidative depletion of vital thiol groups may 
be the mechanism tlirough which ROS exert cell toxicity and dysfiinction. 

Ample evidence exists that links biological thiols to EDRF action and metabolism. 
NO is a reactive molecule that readily combines witli a number of biochemical species 
producing a variety of derivative oxides of nitrogen. Tliese derivatives are themselves 
reactive and can form adducts with readily available sulfliydiyl species under 
physiological conditions producing stable, biologically active S-nitrosothiols that 
possess biochemical, vasorelaxant and platelet inhibitoiy properties both in vifo and in 
vivo [9, 1 0]. Because S-nitrosothiols possess properties reminiscent of EDRF, many 
have speculated that EDRF may be a nitrosotliiol rather than authentic NO [3]. 

T\vo\ availability in mediating the effects of endogenous NO and of exogenous 
NO-donors (i.e., organic nitrates) is of critical importance [24]. It was demonstrated 
tliat the redox-sensitive extra/intracelluiar thiol content may have critical implications, 
not only for EDRF (NO) action and metabolism, but also regarding the mechanisms by 
which anti-ROS tliiol-containing compounds may prove useful in preserving normal 
cellular fujiction as well as preventing/reversing patliological conditions involving NO, 
tliiols and ROS. 

Tlie body is endowed against the deleterious effects of ROS, witli a number of 
antioxidant defense mechanisms, which may be divided into three major groups. The 
first group, enzymatic antioxidants, represents the main form of intracellular 
antioxidant defenses and mainly includes SOD, catalase. and glutathione peroxidase. 
The second group, nonenzymatic protein antioxidants, is primarily found in plasma and 
is mainly represented by GSH, and some proteins sucli as transferrin, aibtmiin, and 
ceruloplasmim which also has enzymatic (ferroxidase) activity. Finally, the 
nonenzymatic low molecular weight antioxidants are found in plasma, extracellular and 
intracellular flxiids, lipoproteins, and cell membranes. This group of antioxidants may 
be furtlier subdivided into water-soluble (i,e„ GSH, uric and ascorbic acids, and 
bilirubin) and lipid-soluble antioxidants wMch are localized to cell membranes and to 
lipoproteins and include a-tocopherol, p-carotene, and ubiquinol 10. Other 
endogenous low molecular weight species present in plasma and extracelltilar fluids 
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also have antioxidant properties, including phenolic estrogens, thyroxin and 
catecholamines. 

A possible mechanism of antioxidanr-mediated preservation of cellular function is 
decreased oxidative modification of LDL. However, recent evidence suggests that both 
5 water- and lipid-soluble antioxidants may have important physiological effects that are 
not directly related to the protection of LDL-against oxidation in vivo. Although these 
alternative effects of antioxidants may not bear directly on EDRF action, they have the 
potential to influence processes that are known to impair redox-dependent enzymatic 
and non-enzymatic metabolic processes. One may also speculate that the antioxidant 

10 activity of agents like vitamin E and f3-cai-otene. may reflect the free-radical-scavenging 
characteristics of tliese agents vis-a-vis superoxide anion or hydroxyl radicals, either 
directly or via modulation of enzymes action. However, because they lack the 
possibility to exist in an equilibrium between tlie two possible forms [disulfide 
(oxidized) <-> thiols (reduced)] when overdosed, vitamin E, as well as most other 

15 currently available antioxidants may adversely affect the course of the disease for 
which they are indicated [12]. 

Thiols are more central to cellular antioxidant defense mechanisms than any other 
existing antioxidant present in the cell (i.e. endothelium, brain, skin and otlier tissues). 
However, tliiol antioxidants that are effective in vitro, may not be effective in vivo. For 

20 example, the thiol antioxidant GSH would seem an ideal candidate for treating 
endothelial dysfunction and many otlier diseases involving oxidative stress. 
Unfortunately, GSH is not absorbed from the diet or through the skin. 
N -Acetylcysteine (NAC), wliich provides cysteine for GSH synthesis, and which is 
readily absorbed and transported is an alternative. However, side effects including 

25 nausea, vomiting, and diarrhea greatly limit its clinical effectiveness for enteral 
administration., and its extreme instability limits its topical administration [13}, 

Thus, very few successful pharmacological intervention strategies are currently 
available for the treatment of endothelial dysfunction and other pathologies involving 
oxidative stress and free radical injury. Vitamin E, vitamin C, probucol and P-carotene 
30 constitute most of antioxidants currently applied. Unfortunately, however, none of 
tliese agents by itself (or when combined with others) can adequately address cellular 
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■ (i.e., skin or endothelial) dysfunction and other oxidative stress-mediated pathologies. 
Because of their 'mode' of action, tissue uptake and other relevant characteristics, all 
currently available antioxidants can (if at all!) only indirectly affect EDRF metabolism 
and action, act only on certain ROS, and adversely affect the course of tlie disease if 
5 incorrectly dosed. 

Lipoic acid (LA), is frequently referred to as "a universal aiitioxidant" (14]. LA, as 
lipoamide, has long been known for its role in oxidative metabolism as an essential 
cofactor in mitochondrial -keto acid dehydrogenase complexes, which was previously 
thought to be its only role. LA is readily taken up by a variety of cells and tissues and is 
10 rapidly reduced to their sulfhydryl (dithiol)-form (the dihydroform), as both in vitro and 
in vivo [15,16], The reducing power for iMs conies from both NADH and NADPH 
[17]. 

Numerous studies have demonstrated that botli LA and DHLA are antioxidants 
[18,20]. LA scavenges hydroxyl radicals, hypochlorous acid, peroxyl radicals, and 

15 singlet oxygen. It also chelates iron, copper, and other transition metals. In addition to 
those species (including transition metals) acted upon by LA, DHLA scavenges 
superoxide radicals and peroxyl radicals. For example, LA has been shown to modulate 
cellular I'educing equivalent and thus favorably affect complications of diabetes and 
ischenoic injury [17], LA was also shown to protect against ROS-mediated brain 

20 damage following cerebral ischemia in vai'ious animal models [21 ]. It protects against 
aminoglycoside-induced nephrotoxicity [22]. Both LA and DHLA were shown to 
protect against peroxynitrite-dependent tyrosine nitration and alpha I -antiproteinase 
inactivation [23]. In tlie working heart model of ischemia-reperfusion, LA (especially 
the R-enantiomer) has been shown to enhance the aortic flow during reoxygenation 

25 [24], In addition, because of its bioconversion to DHLA, administration of LA has 
been shown to also regenerate other endogamous antioxidants. Current evidence 
indicates tliat DHLA can reduce GSSG to GSH, dehydroascoibate and 
semidehydroascorbyl radical, and ubiquitione, all of which can contribute to vitamin E 
regeneration from its oxidized form, as well as to reduce thioredoxin [25]. 

30° Studies employing diverse types of thiols liave been carried out both in vivo and in 

vitro. None of the studies involving thiols have ever evaluated the role of the dithiol 
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a-lipoic acid (LA, thioctic acid, 1, 2-dithiolaiie-3- valeric acid, 6,8--dithiooctanoic acid) 
or analogs thereof in EDRF or NO-donors action as well as in other pathologies 
including senescence-mediated wrinkle forniation of skin in general, and of facial skin 
in particular. 
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SUMMARY OF THE INVENTION 

It i$ an object of the present invention to provide compounds having scavenging and 
anti-ROS properties, which overcome the limitations of the currently available scavenger 
and antioxidant molecules. 

The compounds of the present invention are of the general formula I: 

R4 

I 

in Vr^ch 

X denotes a 4 - 10 memebered ring; 

Ri and R2 are independently alkyl or alkylene; 

R3 denotes H, carboxy, amido, alkanol, amino, carboxyalcohol, 
alkanediol, amine alcohol, amine did, thio or amine carbcnyl; 

PO3H2 



R4 denotes Horn 



-OH; 



PO3H2 

n and n' are, independently, an integer from 0 to 8; 

D denotes CH2 or NH; 
2 denotes a 4 - 10 memebered di s\jljade ring or R4. 
and its salts. 
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Preferably X denotes a 4, 5 or 6 membered ring and Z denotes a 4, 5 or 6 memebered di 
sulfide ring or R4. 

Preferably Ri and R2 are Ci _io alkyls or alkylenes. 

Ri or R2 or both may be substituted by substituents selected from the group consisting of 
halogen atoms, halomethyl groups, 0x0, hydroxy, carboxy, caiboxyalkyl, alkoxy, alkoyi, 
alkoyioxy, aryloxy, aryloy] and aryloyloxy, amino, alkylamino, dialkylamiao, cyano, 
azido and nitro, thiol, alkylthioi, sulphonyl, sulphoxide, thienyl, furanyl, pyrrolyl, 
imidazolyl, pyrazolyl, thiazolyl, isothiazolyi. oxazolylj pyrrolidinyl, pytxolinyl, 
iniidazolidinyl, imidazolinyl, pyrazolidinyl, tetrahydrofuratiyi, pyranyl, pyronyl, pyridyl, 
pyrazinyl, pyridazinyl, benzofuranyl, isobenzofmyl, indolyl, oxyindolyl, isoindolyl, 
indazolyj, indolinyl, 7-azaindolyl, isoindazolyl, benzopyranyl, coumarinyl, 
isocouraarinyl, qujnolyl, isoquinolyl, naphthridinyl, cmnolinyl, quinazolinyl, 
pyridopyridyl, beiuoxazinyl, quinoxadinyl, chromenyl, chroraanyl, isochronwiyl, 
carboli'nyl, substituted or unsubstituted alkyl groups, and substituted or unsubstituted 
aryl groups. 

The present invention further relates to a method for the preparation of a compound of 
general formula 1 comprising the step of perfonning reduction or oxidation of a 
compound of the general formula II 




and a compound of the general formula III 



O 
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in the presence of a reducing or oxidizing agent and a solvent # 

The present invention further relates to a method for treating a patient afflicted with 
conditions associated with oxidative stress or free radical injury comprising the step of 
administering to the patient an effective amount of the compound of general formula I. 
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BRIEF DESCRIPTION OF THE FIGURES 

The present invention will be understood and appreciated more fully from the 
following detailed "description taken in conjunction witii the appended figures in which: 

Fig. 1 illustrates tlie synthetic scheme according to an embodiment of the 

invention; 

Fig. 2 illustrates compounds containing two five atom rings according to an 
embodiment of the invention; 

Fig. 3 illustrates compounds containing a five atom ring and a six atom ring 
according to an embodiment of the invention; 

Fig. 4 illustrates compoxmds containing two six atom rings according to an 
embodiment of the invention; and 

Fig. 5 illustrates compounds composed of the alcohol amide and ester, ether, 
sulfide, phosphate and diamine firom the same or different nucleouS;, according to an 
embodiment of tlie invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The compounds of the present invention arc scavenger compounds which are LA 
analogs designed according to the rational which will now be discussed in detail. 

Nitrate tolerance may be regarded as a "special form of thiol depletion" and tlie 
ability of the compounds of the invention to increase cellular GSH and the availability 
of other reducing equivalents, may prove useful in preventing nitrate tolerance, as 
evident from the results with Hpoyl Hpoate which, when co-administered v/ith 
conventional nitrates, currently in clinical use, prevents/retards tolerance development. 

The remarkable ability of tlie interconversion of disulfide <-> dihydro to affect 
cellular reducing homeostasis via modulation of N ADH/NAD+ and N ADPPi'NADP+ 
ratios and other routes demonsti-ates how intimately The compounds of the invention 
can be connected to cell metabolism and redox states. 

In contrast to GSH, the com.pounds of tlie invention are readily absorbed from the 
diet and through the skin, transported, taken up by cells and reduced to tlie dihydro 
fonti in various tissues, mcluding the endothelial lining and the smooth muscle cell 
components of blood vessels (see results). The sulfliydiyl (dithiol) thus formed is also 
exported from cells and can provide antioxidant protection to extracellular 
comparmient and nearby cells. Tlius, like LA. the proposed compounds seem especially 
promising as an antioxidant for the treatment of patliologies involving oxidative stress 
and free radical injury. 

Because of tliese characteristics and the very low toxicity expected from these LA 
analogs, they may, like LA itself, be successfully used as therapeutic agents in human 
clinical trials for the treatment of conditions such as diabetes, ischemia-reperfusion 
injury, heavy metal poisoning, radiation damage, neurodegenerative disorders, 
mitochondrial cytopathies and HIV infection [18,20]. 

Ample evidence exists to support the excessive vascular ROS production in 
atherosclerosis, hypercholesterolemia, hypertension and diabetes raellitus. Each one of 
these diseases is now regarded as a part of a syndrome rather than a distinct disease 
and, in concert, they constimte the "deadly quartet", referred to as 'Reaven's Syndrome' 
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or Syndrome-X, Recently, it has been shown tJiat gentamicin-induced nephropathy 
aiso involves superoxide and other ROS. Convincing evidence also exists to support 
the primary involvement of ROS in the abnormal action of NO that characterizes the 
endothelial dysfunction accompanying these diseases. Because of their metal (radical) 
scavenging and anti-ROS properties, the compounds of the invention may exert 
beneficial effects on the natural course and outcome of these diseases as well as of 
other pathologies, Coi)$idering their promising chemical and pharmarcological 
characterisiics. as is so far evident from the results, and tlie ever increasing demand for 
better therapy for these diseases, significant potential exists for these compounds to 
become prototype anti-oxidative stress-mediated cellulai" dysfunction agents. This is 
especially true considering recent evidence indicating the involvement of NO, ROS and 
thiols in a variety of conditions, the pathogenesis of which as well as tlie treatment for, 
have not been fully resolved. These include (but are not limited to): aging and 
aging-mediated changes (including tliose involving appearance and skin), pulmonary 
and ocular hypertension, astluna and other related respiratory diseases, trauma, 
neurotoxicity, neurological arid neurodegenerative disorders [i,e„ stroke, Huntington, 
Alzlieimer and Parkinson's diseases, multiple sclerosis and convulsive (seizure) 
disorders}, AIDS-related disorders (i.e., dementia), disorders of gastric acid and other 
secretary and peristaltic functions of the alimentary system, inflammatory bowel 
diseases (Crohn's disease and ulcerative colitis), drug and disease-induced neuropathy 
and nephropatliy, pathological and premature uterine contractions, chemotactic, 
phagocytic and other cellular defense impairment in immunological disorders, 
aggregation disorders, pregnancy-induced hypertension, cerebrovascular diseases, 
penile erection and treatment of male impotence [4-7,17-20]. In all of these 
pathologies, evidence also exists to support the favorable effects of various 
antioxidants. 

However, none of the currently available antioxidants addresses oxidative stress 
mediated cellular dysfunction by favorably affecting the major species involved in the 
process, tliai is; by protecting against all types of ROS, favorably affecting cellular 
reducing equivalents- either directly or via regeneration and recycling of other major 
endogenous antioxidants, and yet, being a sulfhydryl donor, is expected to favorably 
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affect NO action, in fact, the results show that co-admimstration of compound 2 (see 
Fig, 2) with classical NO-donor$ can significantly retard the development of tolerance to 
their effect. Thus, our belief in the dependency of the integrity of endothelimn and other 
cellular functions on the relative concentrations of NO. ROS and tl^iols. as well as in tlie 
deleterious effects of cellulav dysfunction on basic physiological functions, brought us to 
design and synthesize these compounds. Because of their promising chemical and 
biological activity characteristics demonstrated by the results, significant potential exists 
for compounds of this type to serve both as protectors against tolerance development to 
nitrovasodilators. and, because of their anti-ROS activity, as promising 
disease-modifying agents of pathologies involving oxidative • stress and free radical 
injury. 

The rationale for the design of these compounds is further supported by the 
following: 

1. Agents possessing antioxidant or SOD-like activity have been shown to 
potentiate niti-ic oxide-mediated relaxation, both in vitro and in vivo. 

2. As is the case for LA (I), it is expected that the following alcohol (II), anilide (HI) 
and ester (M derivatives will be chemically stable, ceil-pemieable, and potentially 
non-toxic compounds that will possess similar anti-ROS activity (see results). 



3. When LA is administered concomitantly with NO donors, ii enhances its activity 
and retards tolerance development, botli in vitro and in vivo (see results). 

4. In fact, LA was shown to possess beneficial effects in diseases involving 
endothelial dysfunction by its own [17-20], and an inclusion of lipoyl-like ester or 
lipoyl-Iike ester as in the chemical structures of the invention is expected to form a novel 
anti-ROS-compounds, as the results show. 




(CH2)^COOCHiCN,0H 



L/poicaoldCD 



UpaylAlccbalpI) 



N-(3-Hydro:Q^j£hyI)Iipoainldc (III) 2*Hydioxyethyl lipontac CV) 



13 



wo 00/31060 



Thus, according to tiie present invention, there are provided chemical compounds 
comprising one or more disulfide moieties (or their dihydro forms if stable) contained in 
a ring form. 

Tlie compounds of tlie present invention provide cytoprotective effect probably by 
acting as an antioxidant scavenger of reactive oxygen species, including; superoxide 
anion, hydroxyl radicals, peroxynitrite, peroxyl radicals, hypochlorous acid, hydrogen 
peroxide and transition metals (especially copper and ferrous) aiid give rise to botli a 
direct benefit derived from removal of injurious ROS and an indirect benefit by 
protecting both ambient and endogenous and liberated exogenous NO from inactivation 
by tliese ROS. 

The compounds of the invention may be employed in the treatment of any condition 
associated widi oxidative stress or free radical injury like endothelial dysfunction, aging 
(including senescence-associated changes in skin and appearance) and diseases like 
diabetes mellitus, cardiovascular diseases (such as ischaemic heart disease, angina 
pectoris, myocardial infarction, congestive heart failure, atlierosclerosis. hypertension and 
arrhytlimia). astlima, trauma, shock (hypovolumic, neurogenic or septic), neurotoxicity, 
neurodegenerative and neurological disorders (including Alzheimer and Parkinson's 
diseases, amyotrophic lateral sclerosis, multiple sclerosis, convulsive (seizure) disorders, 
AlDS-dementia and disorders which involve processes of teaming and memory), 
disorders of gastric secretions, relaxation and peristalsis of the intestinal tract (including 
inflammatory bowel diseases), drug and disease-induced nephropathies, pathological 
(pi-emature) and physiological uterin^ contractions, cellulai- defense impairment, 
endothelial dysfunction-induced diseases and insulin-resistance in diabetes, 
pregnancy-induced hypertension, chemotaxis and phagocytic impairment in 
immunological disorders, cerebrovascular diseases, aggregation disorders, fertility and 
reproductive disorders (e.g. penile erection and treatment of male impotence). 
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Compounds of the present ilivention may be administered m a form suitable for 
oril use, for example a tablet, capsule, siqM^an& or oily solution, suspension or 
etiiulsioa; for topical use iacludiiig ttansfflucosal and transdermal use, for example a 
crtfam, ointment, gel, aqueous or oil soltltion or suspension, salve, patch or plaster; for 
naial use, for an example a snuff. nasal spray or nasal drops; for vaginal or rectal use, 
fot example a suppositoiy: for aBministration by inhalation, for example a finely dividsd 
poi?/der or a ligdid aerosol; for sub-lingual or buccal use, for example a tablet or 
capsule,- or for parenteral use (including intravenous, subcutaneous, intramuscular, 
intravascular or infusion), for example a sterile aqueous or oil solution or suspension. 
In general the above. compositions may be prepared in a conventional manner using 
convention excipients. using standard techniques well known to those skilled in the art 
of Jiharmacy. Preferably, the ccmpouUd is administered orally. 

For oral administration, the compounds of the invention v.'ill generally be 
provided in the form of tablets or capsules or as an aqueous solution or suspension. 

Tablets for oral use may include the active ingredient mixed with 
phtanaceuticaUy acceptable excipients sach as inert diluents, disintegrating agents, 
binding agents, lubricating agents, sweetening agents, flavouring agents, colouring 
agents and preservatives. Suitable inett diluents include sodium and calcium carbonate, 
sodium and calcium phosphate, and lactose, while com starch and alginic acid are 
suitable disintegrating agents. Binding agents may include starch and gelatin, while the 
lubricating agent, if present, will generally he magnesium stearate, stearic acid or talc. 
If desired, the tablets may be coated with a material such as glyceryl moaosteatate or 
glyce:yl distearaie, to delay absorption in the gasfifointestittal tract C^sules for oral use 
include hard gelatin capsules in which the active ingredient is mixed with a solid diluent, 
and soft gelatiii capsules wherein the active ingrediait is mixed with water or an oil such 
as peanut oil, liquid pataffin or olive oiL For intramuscular, intraperitoneal, 
subcutaneous atid intravenous use, the compounds of the invention will generally be 
provided in sterile aqueous solutions or suspensions, buffered to an appropriate pH and 
iaotonicity. Suitable aqueous vehicles include lunger's solution and isotonic sodium 
chloride. Aqueous suspensions according to the invention may incliids suspending 
agetits such as cellulose derivativeg, sodium alginate, polyvinyl-pyrrolidone and gum 
trag^cauth, and a wcttiug agent such as lecithin. Suitable preservatives for aqueous 
suspensions include ethyl and n-ptopyl p-hydroxybcnzoate. 

It will be appreciated that the inveutioti is described by way of example only, 
and that modifications of detail ascy be tnade without departiug from the scope of the 
piBsent invention. 
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Synthesis of Compounds 

The fbUowing are only representative procedures for synthesis of selected 
compounds. The corncpouiids for •which, the method of perpetration is described below 
were purposefully selected as to represent the general approach used to prepare 
compounds from sil figures depicting the structures suggested by the present invention. 

To synthesize compounds like those depicted in figure 2 the acid analog has to 
first be converted to the active aldehyde form (A or type compounds shown in 
figure 1). The aldehyde was usually prepared by 'mild oxidation of the 
coilfe^poiiding alcohol. Using lipoic acid as an example, the following describes a 
general method for preparation of the alcoholic precursors. 

Atcohi; ) ? tjreparntion 

The acid (0,25 M) is dissolved under nitrogen atmosphere in 250 ml of dry 
(frtishly distilled) tetrahydrofuran (THF) and cooled to -5' on ice-salt bath. To this, a 
cold faorane-THF solution (Aldrich) is added dropwise with vigorous stirring until TLC 
analysis shows complete conversion of the acid to the alcohol (only a slight excess of 
borane is Usually needed). Upon completion, 50 ml of cold methanol is added to the 
reaefiofl mixture to destroy excess of borane and the organic solvent removed under 
reduced pressure. The crude alcohol (usually in more than 95% yield) is immediately 
used for the pteparation of tfac aldehyde, 

AI(jehvde yr^payation 

The alcohol (0,25 M) is dissolved in 250 ml of didhlorometane containing 0^ 
mole of p-toluene sulfonic add (orcaraphote stilfonic add) and tiie resulting solution is 
cooled on an ice bath. To this is added dropwise a cold solution of 0,5 M K-acetyl- 
TEMPOL (AldcLdi) dissolved in 250 tel of dichJoromethane dtuing 30 inin. Upon 
cotxlpletioa of the addition, the mixture is stirred for an additional I hr in the cold and 
then at room temperature for 3-7 hours (or tintll all alcohol has disappeared by TLQ. 
The- solution is filtered and the organic solvent is washed twice with 5% sodium 
bicarbonate solution, twice with 5% hydrochloric add solution and solvent removed 
tiader reduced pressure, A pottloii of the residue is cfaronaatogisphed on silica gel using 
a hfixane-dichlorometiiane (1 J 1) mixture for analytical characterization and the rcmaitiiag 
portion is used ibr the condensation without farther pxaification. For Michael type 
condensation, the same aldehyde ot combined with diffetetit aldehyde is dissolved in 
ethahol and cooled on an ice haih. Cold 20% of ethnolic potassium hydroxide solution 
is added dropwise and the mixture stined overnight tmdor nitrogen atmosphere. 
16 
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Depending on the structure of &e eldehyde, TLC analysis, ostially jeyeaXs the completion 
of the cotideusaticm reaction within 12-24 hours. AH equal volume of watcf is added and 
th^ reaction mixture is extracted three times with ether. The ether extracts (containing 
etrfanol) is dried over Eodium sulfate and evaporated to dryness. The residue is applied 
oob a silica gel column (200 g) atid eluted with a chlorofolih:hexane:ethyl acetate 
mixture (2:1; 3). The resulting aldehyde (or mixture of aldehydefi) was recovered in 
valying good to excaUeni yields. 

Lipolal (0-5 M) is dissolved in 100 ml of diy ethanol and -the mixture cooled 'on 
an ice bath. IG ml of cold 50% ethanolic sodimn hydroxide solution is added over 10 
minutes and tiie mixture stitmed under nitrogen atmosphere overnight- The reaction is 
quenched with 100 ml of cold water and extracted twice with 150 ml of diethyl ether, • 
The organic layer is separated .md dried for an hour over anhydrous sodium sulfate and 
evaporated to dryness. The residue is applied onto a silica gel column (100 g) and eluted 
as described above. The pure aldehyde is recovered in Sl% yield. A portion (0.1 M) of 
the aldehyde is dissolved in 50 ml of THP and added dropwise to a cold 0.2 M 
suspension of argentum oxide freshly prepared from the addition of argentum nitrate to 
100 ml 0.1 M sodium hydroxid© solution, The reaction is stirred on an ice bath for 3 hrs 
dufing wtiich the conversiou of the aldehyde to the add is monitored by TLC analysis. 
TJlion completion, the reaction mixture is neutralized witii concentrated hydrochloric 
acid and immediately extracted with two portions each of 150 ml of diethyl ether. The 
ether layer is separated and dried ovet anhydrous sodium sulfate and evaporated to 
diyness. The solid residue can usually be ciystaOized from a mixture of ethanol water to 
fmkish a high (>90%) yield of pure compound 1 . 

Compound 1 (0.05 M) is dissolved in 50 ml of dty dichloromethaneand added 
to a cold solution of 0.06 M of DCC in SO ml of dichiorotuethane. The reaction is stirred 
for half an hour on an ice bath, N-Hydroxy succintmide (0.075) is added and the 
reaction stirred overnight under nitrogen. The reaction mixture is filtered and the 
precipitate washed twice "with 30 ml of cold dichlorotiKthane. The organic layer is 
evaporated to half ite original volume, filtered again and added drop wise to 100 ml of 1 
M (;old solution of ammonia in methanol (Aldlich). The reaction is stirred for 1 .5 hours 
upCn which the organic. Sol Vent is evaporated to dryness. The solid residue is 
recrystalized from dioxane to fuoiish 87% of pure compound 2. 
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The condensation product of lipolal (0.05 M) is separated on silica .column as 
described above. The ptire aldehyde is dissolved in 150 ml of dry THF and coo'lcd on 
an ice bath. A cold 1 M borane-THF solution is added dropwise under nitrogen and the 
reaction monitored by TLC analysis until the aldehyde is completely reduced (usually a 
slight excess of borane is used). The reaction is immediately quenched with cold 
me;thano3 and evaporated to dryness under reduced pressure. The viscous residue (more 
then 95% ptire) is further purified by application onto silica gel column and eluted wjth 
ethyl acetatexhlotoform (1 :3) mixture. The eluate is evaporated under reduced pressure 
to furnish a 76% yield of pure compound 3. 

Compound 3 (0.06 M) in 50 ml of dichloroxnethane is added dropwise to a 
solution of tiiphenyl phosphine (0,1 M) containing 0,15 M of 2inc bromide and a 
catalytic amount of l,r-a2obis(cyclohexanecarbonitrile). The reaction is stirred for 8 
hours or until TLC analysis shows the cotnplete conversion of the alcohol into the 
bromide derivative. The reaction mixture is filtered and the filtrate washed with 
dichloromethane. The filtrate is mixed with an equal volume of n-hexane and filteied 
again. The filtrate is then evaporated to dryness. The resulting crude bromide is then 
cxttacted by trituration with hexane. The combined bexane triturates are evaporated to 
dryness and the residue applied onto a silica! gel column and eluted with 
dichloromethan-iiexane nlixtUTe. The organic solvent is evaporated to dryness 
under reduce pressure and the residue dissolved in chloroform (50 ml) and added in 
one portion to an excess solution of ammonia in chloroform. The reaction is stinred for 
10 hours at room temperature upon which it is filtwed. The filtrate is evaporated to 
dryhess and the residue dissolved in 15 ml of chlorofoinl and ^plied on aluminum 
oxide column. The amine is eluted with chlorfotm:ethyl acetate:triethyl amine (1:1:0.01) 
mixture. Evaporation of the solvent furnished S2% yield of pufe componnd 4. 

C^mpQ^u^ .9'- 

Lipolal (0.05 M) and 6^9-dithiane nonanal (0.05 M) are dissolved in cold 100 ml 
of efhanol containing 3 g of potassium hydroxide. The reaction is monitored by TLC 
and processed for separation of the four possible products (see synthetic scheme 1) by 
chrdinatography as described above to fuinish» after oxidation with silver oxide, an 
almost equal amounts of compound 9, compound 1, and coropotind 17. 
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Compound 10 is synthesized ftom compound 9 by a. similar procedure as for 
coinpaund 2. 

CompoTind 11 is synthesized from the aldehyde precursor of compound 9 as 
described for compound 3. 

Compound 12; 

Compound 12 is synihssized ffom the alcohol precursor, via the bromide 
intermediate, as described for compound 4, 

c<;»mp«?pnd 17-, 

This compound is obtained as one of the separation products of the reaction 
miktmc as described for the synthesis of compound 9, 

Cobi poand IS; 

This compound is obtained firom coinpound 17 via a similar procedure used for 
the preparation of coinpound 2. 

This compound was obtained from the reduction of the aldehyde precursof of 
comjiottnd 17 as described for compound 3. 

Compoand 30; 

This compound is prepared from the alcohol precursor, via the bromide 
derivative, as described for compound 4. 

gffpi pound 25: 

Compounds of the type depicted in figure 4 are easily sytithesized "by the usual 
methods of ester and amide preparation. For txamplB, compound 25 is easily 
synthesized by lefluxing fot 3-5 hotirs of equimolaf amounts of lipoic acid and lipolol in 
benzene in the presence of a catalytic amount of concentrated sulfuric acid. The bectzenc 
is v/ashed twice -with aqueous 10% potassiutn cafbocate solution and evaporated to 
dryness. The residue is purified by chromatography on silica gel to furoish pure 
compound 25 in 95% yield- 
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This lypQ of compound is easily synthesized- by addition of lipoamine to 
didhlotometane solution of N-hydroxy succinimidc activated ester of lipoic acid. Upon 
stifling for 1 hour in the cold and overnight at room temperature, the reaction mixture is 
sutecssively washed with watcf, 5% potassium carbonate solution, 5% hydrochloric 
acid solution and saturated sodium chloride, dried on anhydrous mflgnestum sulfate and 
evaporated to dcyness. This usually ftiniishcs the product in a pure form, or, depending 
on the purity of the reactants, may necessitate the purification by chromatography to 
furnish pure compound 26. 

CdmtKmnds 27 _ and 28: 

The ester (compound 27) md the amide (compound 28) are prepared in a similar 
way as compounds 25 and 26* respectively. 

Compound s 29. 32. atid 33: 

These compounds are easily prepared by reacting the activated ester of the acid 
with the appropriate amino alkyl phosphonate derivative. The resulting products are 
purified by chromatography to furnish the title compound in a fair to good yield. 

.C'3mp.wn4 30 .aad 31; 

The dilipoyl aimne is synthesized by reacdng excess Epoaroine with lipoyl 
bromide, whereas compound 31 is obtained by reacting the bromide derivatives of the 
precursors with sodium sulfide in acetonitrile or Dlv£F. 

Results 

I. Prevention of nitr&te tolet^ce: 

a) Acute effects: Rats (Spargue-Dawely) weighing 300-400 g were treated 
with an intravenous (i.v.) tolus dose of 2 mg nitroglycerin (NTG) before and after pre- 
trefetment with the con^Kimids (50 tng/kg) admimstered iatraperitoneally. Compounds 1 
and 2 from figtire 1, compounds 9 and 10 from figure 2, compounds 17 and 18 from 
figure 3, compounds 25 and 26 from figure 4 were dissolved in a mixture of 
ethanol:propylene glycol.'water (1:1:1) and administered in 1 ml iatraperitoneally one 
hour before OTG administration- One minute after the NTG administration, the rats 
were sacrificed by decapitation and the aorta was removed quickly, immersed in a 
phosphate buffea* solution containing 20 mM EDTA and immediately frozen in liquid 
nittogen and stored at -70' until analyzed. Next day, the tissue were analyzed for their 
cGM? content After thawing, tissue were weighed and homogenized in EDTA- 



20 



wo 00/31060 PCT/IL99/0063fi 
phbspb^c buffer, centrifuged and the sup^maiant collected into another tube. The pellet 
was washed with 1 jsl bufi^er, voitcx-Tnixed, centilfdged and tbff supernatant added to 
thd second tube, Z mi of acetonitrilo were added to the tube contaiuine the combined 
extracts and the tube vorteK-mixed, cerltiifuged and the supernatant collected to another 
dean tube- The agtieous-acetonittile Solution in this latter tube was evaporated to 
diyuess and the residue dissolved in assay buffer, The cGMP content of Hic Eolution 
was determined using a radioimniimoassay (RIA-Amcrsham) as previously reported by 
us [26,27], 

The following describes representative cGMP values from aorta treated only 
with 2^rrG or with NTG after pretL'eatinettt with the compounds (given for compound 1): 

cGMP(pmol/g tissue) 17S±l3 216±21* 

*Significantly different from NTG alone (p<0.005). 

Thus, compound 1 significantly increases tissue guaaylyl cyclase response to 
nitrates. Similar eignificalit increases were also obtaitied when pte-tteattfaent was 
performed with other compomjas (see fibove). 

b) Prevention: Rats were administered a continuos infusion of NTO known 
to induce tolerance [26,27] with or without concotnitant administration of the 
compotmds (the same tested for the acute effects)- The compounds were administered 
eithCTin continuos i.v infasiou or intra|3eritoneaIly in 4 s^aiated doses (q 6 hours). The 
effects on vascular (aortic) guanylyl cyclase activity was then evaluated as described 
above f olr control rats- 

cGMP <^mdUg tissue) 64±9* 183^24** 

*Si5nificantly diffecent from NTG alone treatment of control rats and denotes tolerance 
to NTG effect **Not significajitly different ftom NTG treatment alone in control rats 
and denotes the lack of tolerance development to NTG effects on vascular cGMP. 

Thus, pretreatment with confound i prevents toler&nce development to NTG. 
Similar results were obtained when other coropounds were tosted. 

n. Frotaction against streptozotocin-Indiiced diabetes 

Rats (Sprague-Dawely) weighing 200-250 g were treated by a single i-v. dos& 
of etreptozotocm (STZ, SO mg/kg) thfough the tail vein to induce diabetes. Rats were 
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mdnitore^ for weight, glucose levels and plasma lipids. Below are some of the 
pielinnnaiy lesults obtained in control rats, strcptozatocin'diabeficrats and rats started 
on a trealmcnt with oonyoound 1 immediately tipoa sttptozotoctn adminlstratian, 



Weight (grams) 
Gllicose (mg%) 
Lipids (mg%) 



Con, rats 
223±34 
131±14 
1S5±19 



S3 Z :pxet tcated 
176±23* 
314±36* 
319±31* 



206±27** 
i79±29** 
226±29** 



These results clearly riemoflStrate the protective effects of compound 1 on 
complicatioQ of streptozotocin-inducsd diabetes. This is especially true since these are 
knoWD to involve oxidative Ktress and free radical injuiy and thus demonstrate the 
bctiefioial antioxidant-anti-free radicsl effects of the compounds suggested by this 
api^lioation. 

nil Protective effects against colitis 

Rats (Sprague-Dawely) weighing 300-400 g were administered a single dose of 
5 ml of 5% acetic acid (AA) solution throtigh a rectal tube into the distgl colon. The 
effect of ac&tic acid adtmnistmtion on the development of colitis wzs monitored both by 
vistLalizationaiidby detertnlnation of mediators jcnown to reflect oxidative stress and 
J&ee radical injury. These include: 1) Myeloperoxidase activity (MPO) expressed in the 
following table in O J3/mg units. 2) Lipid peroxidation (LP) expressed in the following 
table in TEARS units as nmol/mg protein of colonic tissue. 3) Protein Carbonyl content 
(PCQ expressed in the following table in nmol/mg protein. All three parameteiB are 
reflective of the extent of tissue oxidative stress and free radical injury. 



PCC 

LP 

MPO 



Control ,ratg. 
0.23±0-01 
0.05±0.01 
0.0004*5% 



LS±0.03* 
O.7±0.04* 
0.02±18% 



AA-fCQmpouffd ? 
0.75±0.02*$ 
0,07±0.02*$ 
O.OO075±iO% 



These results clearly demonstrate the beneficial effisctive antioxidative-anti-free 
radical mediated injury of coilipomid 1 in the acetic add model of colitis. Siooilar results 
wCTc also obtained for other compotrnds as derailed. 
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These effects were evaluated in human (male and female) volunteers who 
suffered from either a condition of melasma or papules on the back skin 'with no 
infective etiology, AdditJoiially, effects of compounds I and 25 were studied iu 
feriiale volanteers subjectively suffering from enhanced •vyiinkle fonnation on the fia.cial 
skin. Here, the beneficial effects of both compounds were assessed by the volunteer 
hiriiself/berself, by a third party unaware of the treatment, and objectively by the 
investigator who follows Up these volunteers. The results so far obtained clearly 
demonstrate the superiority of both compounds on. any other currently available formula 
indicated for these skin conditions., The compounds were adtninistered in 2% emulgel or 
2.5% aqueous cream preparadons. No significant difference between these two vehicles 
was observed, nor do« an increase in the percentage of the active ingredient found to 
affect the final results. 
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It will be appreciated by persons skilled in the art that the present invention is not 
limited by what has been particularly shown and described herein above. For example. It 
should be understood, that figures 2-5 contain representative examples reflecting the 
concept of the present invention. For example, the compounds depicted in figure 2 are 
obtained fiom the condensation of 2 molecules of tlie same structure (symmetric 
condensation), whereas those in fig:ure 3 are obtained from the condensation of 2 
different compounds. Thus, it is obvious that condensation can give rise to a mixture of 
compounds in which the rings are switched and tlie condensation can take place from 
either side, as shown in figure 1. Thai is, when compounds A and B are condensed, four 
condensation products are possible of which only representative products are shown in 
figure 3. 

Rather the scope of the invention is defined by the claims which follow; 
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1 . A scavenger compound of the general foimula I 

I 

Ri ^R3 — R2 — Z 

in which 

X denotes a 4 - 1 0 memebered ring; 

Ri a:id R2 are independently alkyl or alkylene; 

R.I denotes H, carboxy, amido, alkanol, amino, cai-boxyalcohol, alkanediol, 
amine alcohol, amine diol, thio or amine carbonyl; 

PO3H2 

R4 denotes H or-ia — D — ■ — | n'— — OH ; . 

PO3H2 

n and n' are, independently, an integer from 0 to 8: 

D denotes CH2 or NH; 
2 denotes a 4 - 1 0 memebered di sulfide ring or R4. 
and its salts. 

2. A compound according to claim 1 wherein X denotes a 4. 5 or 6 membered ring and 
Z denotes a 4, 5 or 6 memebered di sulfide ring or R4, 

3. A compound according to claim 1 wherein R) and R2 axe d -10 alkyis or alkylenes. 

4. A compound according to claim 1 wherein Ri or Ri or both are substituted, 

5. A compound according to claim 4 wherein R| or R2 or both are substituted by 
substituents selected from the group consisting of halogen atoms, halomethyl 
groups, 0x0, hydroxy, carboxy, cmboxyalkyl, alkoxy, alkoyl, alkoyloxy, aiyloxy, 
aryloyi and aryloyloxy, amino, alkylamino, dialkylamino, cyano, azido and nitro, 

26 




wo 00/31060 PCT/1L99/00638 
. ihiol- alkylthiol, sulphonyl, sulphoxtde, tliienyl. ftiranyl, pyrroly], imidazolyl, 

pyrazolyl. thiazoly], isothia2X)Iyl, oxazolyl, pyrrolidinyl, pyrrolinyl, inlidazolidinyl, 

imidazoliny], pyrazoiidinyl, tetrahydrofuranyl, pyranyl, pyronyl, pyridyl, pyrazinyl. 

pyridazinyl, benzofuranyL isobenzofuryl, indolyl. oxyindolyl- Isoindolyl, indazolyU 

indolinyl 7-azaindoiyL isoindazolyL benzopyranyU coumarinyl, isocoumarinyl, 

quinolyL isoquinolyi. naphthri'dinyl, cinnolinyl, quinazoliny!, pyridopyridyl, 

benzoxazinyl, quinoxadinyL chromenyl, chromanyl, isochromanyl, carbolinyL 

substituted or unsubsiiiuted alkyl groups, and substituted or unsubstituted aryl 

groups. 

6. A method for ilie preparation of a compound according to claim 1 comprising tlie 
step of performing reduction or oxidation of a compound of the general formula II 




and a compound of the general formula III 




in the presence of a reducing or oxidizing agent and a solvent. 

7. A method for treating a patient afflicted with conditions associated with oxidative 
stress or free radical injury comprising the step of administering to the patient an 
effective amount of the compound according to claim 1 . 

8. A method according to claim 7 wherein with conditions associated witli oxidative 

stress or free radical Injury are selected from aging-mediated changes, pulmonary 

and ocular hypertensioa, asthma and other related respiratory diseases, trauma, 

neurotoxicity, neurological and neurodegenerative disorders, AIDS-rdated 

disorders, disorders of gastric acid and other secretary and peristaltic ftmctions of 

the alimentary system, inflammatory bowel diseases (Crolm's disease and ulcerative 
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colitis), drug and disease-induced neuropathy and nepJiropathy, pathological and 
presmature uterine contractions, chemotactic, phagocytic and otiier cellular defense 
impairment in immunological disorders, aggregation disorders, pregnancy-induced 
hypertension, cerebrovascular diseases, and male impotence. 

9. A metliod according to claim 7 wiierein the compound is administered orally. 

10. A pharmaceutical composition comprising the compound according to claim 1 
together with a pharmaceutically acceptable excipjent. 

1 1 . Use of the compound according to claim 1 in the preparation of a medicament for 
the treatment of conditions associated with oxidative stress or free radical injury. 

12. Use according to claim 1 1 wherein conditions associated with oxidative stress or 
free radical injury are selected from aging-mediated changes, pulmoxiary and ocular 
hypertension, asthma and other related respiratory diseases, trauma, neurotoxicity , 
neurological and neurodegenerative disordei-s, AlDS-related disorders, disorders of 
gastric acid and other secretary and peristaltic ftinctions of the alimentary system, 
inflammatory bowel diseases (Crohn's disease and ulcerative colitis), drug and 
disease-induced neuropatliy and nephropathy, pathological and premature uterine 
contractions, chemotactic, phagocytic and odier cellular defense impairment in 
immunological disorders, aggregation disorders, pregnancy-induced hypertension, 
cerebrovascular diseases, and male impotence. 
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I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application listed below, and, insofar as the subject matter of each of the claims of this application 
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information as defined in Title 37, Code of Federal Regulations, § 1.56(a), which occurred 
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I hereby appoint as my attomey(s) and agent(s) Heidi M. Brun (Agent, Registration No. 
35,104), or Daniel J. Swirsky (Agent, Registration No. 45,148) orMark S. Cohen (Attorney, 
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statements were made with the knowledge that willM false statements and the like so made are 
punishable by fine or imprisonment, or both, mider Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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